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(57) A surface acoustic wave filter (1 ) includes a sur- 
face acoustic wave element (3) including a piezoelectric 
substrate (3a) having IDTs (8a-e), input/output terminals 
(9a,9b), and reference potential terminals (9c,9e,9g) 
provided thereon and a package (2) enclosing the sur- 
face acoustic element and having electrode lands (5) 



and external terminals. The resonance frequency of the 
resonator defined by inductances generated by the ref- 
erence potential terminals of the external terminals of 
the package, is positioned in the vicinity of an image fre- 
quency occurring at a time of performing frequency con- 
version in a super heterodyne system. 
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D scription 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a surface 
acoustic wave filter for use in superheterodyne systems 
and a communications apparatus including such a filter. 

2. Description of the Related Art 

[0002] In general, with a mobile communications ap- 
paratus such as an automobile telephone and a cellular 
telephone, a superheterodyne system is used to obtain 
a high sensitivity and a high stability. This system uses 
a phenomenon in which two signal waves f 7 and f 2 are 
mixed together so that it is possible to obtain signal 
waves (f-,±f 2 ) representing a sum and a difference. This 
system also involves converting a received signal wave 
into a low frequency signal. A typical communications 
apparatus using the system is shown in Fig. 16. 
[0003] As shown in Fig. 1 6, in the communications ap- 
paratus 100, a high frequency module 120 is connected 
with an antenna 1 1 0, and a signal processing circuit 1 30 
is connected at a rear section of the high frequency mod- 
ule 120. 

[0004] The high frequency module 1 20 includes band 
pass filters 121 and 122, two amplifiers 1 23 and 124, a 
mixer 1 25 and a local oscillator 1 26. 
[0005] The first band pass filter 1 21 may be arranged 
to select a pass band such that the filter will allow the 
passing of signals received from the antenna 110, but 
will attenuate other signals not received from the anten- 
na 110. 

[0006] The amplifier 123 is provided to amplify a re- 
ceived signal which has passed through the first band 
pass filter 121. 

[0007] With the local oscillator 126, the frequency of 
its local oscillating signal is set such that a sum of the 
local oscillating signal and the received signal or a dif- 
ference between these two signals will become a de- 
sired intermediate frequency signal. 
[0008] The mixer 1 25 is used to mix the local oscillat- 
ing signal fed from the local oscillator 126 with the re- 
ceived signal, so as to convert these signals into inter- 
mediate frequency signals. 

[0009] With the second band pass filter 122, the pass 
band is selected such that it attenuates image frequency 
signals other than the desired intermediate frequency 
signal generated when the local oscillating signal and 
the received signal are mixed together in the mixer 1 25, 
thereby allowing the passing of the desired intermediate 
frequency signal. 

[001 0] The second amplifier 1 24 is used to amplify the 
intermediate frequency signal which has passed 
through the second band pass filter 122, thereby trans- 
mitting the signal to the signal processing circuit 130 



connected at the rear section of the high frequency mod- 
ule 120. 

[0011] The signal processing circuit 130 is used to 
process the intermediate frequency signal transmitted 
5 hereto, so as to convert the signal into, for example, a 
sound or the like. 

[0012] In such a communications apparatus 100, the 
frequency of the image frequency signal (hereinafter, it 
will be referred to as «the image frequency*) will be de- 
10 termined depending upon the frequency of the local os- 
cillating signal of the local oscillator 126 and the center 
frequency of the second band pass filter 122. However, 
such an image frequency will usually be generated at a 
position that is separated by several hundred MHz from 
*5 the pass band of the second band pass filter 122. 

[0013] Conventionally, as a second band pass filter 
122, as shown in Japanese Unexamined Patent Publi- 
cation No. 5-183380, there has been mainly used'a lad- 
der-type surface acoustic wave filter connected in a lad- 
20 der configuration with a plurality of surface acoustic 
wave resonators. 

[0014] The ladder-type surface acoustic wave filter in- 
cludes an area having a high attenuating amount, which 
area is originally located in the vicinity of its pass band. 
2S According to the Japanese Unexamined Patent Publi- 
cation No. 5-183380, if an inductance is added to the 
resonators arranged in parallel, it is possible to increase 
the pass band width of the filter, thereby causing the high 
attenuating area to shift towards a low frequency band, 
30 thus improving the attenuation characteristic of the low 
frequency band located in the vicinity of the pass band. 
However, with this method, since the width of the pass 
band will at the same time be increased, the filter is not 
suitable for attenuating image frequency signals gener- 
is ated at positions which are separated by several hun- 
dred MHz from the pass band of the filter. 
[0015] Further, as described in Japanese Unexam- 
ined Patent Publication No. 9-261002, an inductance 
component caused by connecting means such as bond- 
40 jng wires and a capacitance component caused by a 
connecting portion of a bonding pad with respect to a 
reference potential, may be both interposed and insert- 
ed in parallel with each other, so as to provide a high 
attenuating area at a desired point on a low frequency 
45 band side of the pass band, while at the same time con- 
tinuously preventing an increase of the width of the pass 
band. 

[0016] However, with the method of Japanese Unex- 
amined Patent Publication No. 9-261002, although it 
50 was possible to attenuate the image frequency occur- 
ring on the low frequency band side of the pass band, it 
was still difficult to attenuate the image frequency oc- 
curring on the high frequency band side of the pass 
band. 

55 [0017] Further, in order to obtain the capacitance 
component, it is necessary to increase the connecting 
portions of the bonding pad and floating electrodes. For 
this reason, a surface acoustic wave element must have 
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a large size, hence making it difficult to produce a sur- 
face acoustic wave filter which is compact. 
[001 8] Moreover, if it was desired to obtain a sufficient 
capacitance component and to prevent any increase in 
the size of the surface acoustic wave element, it would s 
be necessary that the floating electrode and the con- 
necting portions of the bonding pad be disposed without 
any slots formed therebetween, resulting in a reduced 
freedom of design and arranging various elements and 
connections thereof. *o 

SUMMARY OF THE INVENTION 

[0019] To overcome the problems described above, 
preferred embodiments of the present invention provide 15 
a surface acoustic wave filter capable of attenuating an 
image frequency, regardless of whether it is generated 
on a high frequency band side or a low frequency band 
side of a pass band, without having to increase the size 
of the surface acoustic wave element. 20 
[0020] The surface acoustic wave filter according to 
one preferred embodiment of the present invention in- 
cludes at least one surface acoustic wave element in- 
cluding a piezoelectric substrate, at least one IDT pro- 
vided on the piezoelectric substrate, input/output termi- 2& 
nals provided on the piezoelectric substrate and refer- 
ence potential terminals provided on the piezoelectric 
substrate and both of which are connected with the at 
least one IDT, a package enclosing the surface acoustic 
wave element, the package including electrode lands 30 
respectively connected with the input/output terminals 
and the reference potential terminals of the surface 
acoustic wave element, external terminals on the outer 
surface thereof connected to the electrode lands; the 
surface acoustic wave filter being adapted for use in a 35 
superheterodyne system, wherein the resonance fre- 
quency of the resonator having the capacitances of I DTs 
of the surface acoustic wave element and having induct- 
ances from the reference potential terminals of the sur- 
face acoustic wave element to the external terminals of 40 
the package, is positioned in the vicinity of an image fre- 
quency occurring at the time of performing frequency 
conversion in the superheterodyne system. 
[0021 ] According to the above-described structure of 
this preferred embodiment, since inductances are add- 45 
ed in series with the capacitances of the IDTs, it is pos- 
sible to attenuate a desired image frequency. 
[0022] Further, the resonance frequency of the trap 
resonator may be attenuated either on a high frequency 
band side or a low frequency band side of the pass band 50 
by setting the capacitances of the IDTs and the values 
of the inductances in series therewith, thereby making 
it possible to cope with a high frequency of the interme- 
diate frequency signal. 

[0023] Moreover, since only the resonance frequency ss 
of the trap resonator is changed, it is possible to atten- 
uate the image frequency without affecting an insertion 
loss in the pass band. 



[0024] Further, since the capacitance of the bonding 
wires of the I DTs and the inductance of th packag and 
the like are used to define the trap resonator with the 
use of the present structures thereof, it is easy to make 
the entire surface acoustic wave filter compact. Further, 
the frequency difference fd1 between the center fre- 
quency of one of the surface acoustic wave elements 
and an image frequency occurring at a time of perform- 
ing frequency conversion in a corresponding superhet- 
erodyne system, is made to be approximately equal to 
the frequency difference fd2 between the center fre- 
quency of another of the surface acoustic wave ele- 
ments and the image frequency occurring at a time of 
performing frequency conversion in a corresponding su- 
perheterodyne system. Therefore, it is possible to use 
common circuits for signal processing from the interme- 
diate frequency signals onward, with respect to a plural- 
ity of filters which include a plurality of surface acoustic 
wave elements. Thus, it is possible to reduce the 
number of the parts and elements required to construct 
the device. 

[0025] For the purpose of illustrating the invention, 
there is shown in the drawings several forms which are 
presently preferred, it being understood, however, that 
the invention is not limited to the precise arrangements 
and instrumentalities shown. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Fig. 1 is a plan view indicating a surface acous- 
tic wave filter according to the first preferred embodi- 
ment of the present invention. 

[0027] Fig. 2 is a cross sectional view taken along line 
X-XinFig. 1. 

[0028] Fig. 3 is a diagram indicating an equivalent cir- 
cuit for the surface acoustic wave filter of Fig. 1. 
[0029] Fig. 4 is a graph indicating the frequency char- 
acteristic of the surface acoustic wave filter of Fig. 1 . 
[0030] Fig. 5 is a plan view indicating a surface acous- 
tic wave filter according to a first modification of the first 
preferred embodiment of the present invention. 
[0031] Fig. 6 is a diagram indicating an equivalent cir- 
cuit for the surface acoustic wave filter of Fig. 5. 
[0032] Fig. 7 is a graph indicating the frequency char- 
acteristic of the surface acoustic wave filter of Fig. 5. 
[0033] Fig. 8 is a plan view indicating a surface acous- 
tic wave filter made according to a second modification 
of the first preferred embodiment of the present inven- 
tion. 

[0034] Fig. 9 is a cross sectional view taken along line 
Y-Y in Fig. 8. 

[0035] Fig. 10 is a diagram indicating an equivalent 
circuit for the surface acoustic wave filter of Fig. 8. 
[0036] Fig. 11 is a graph illustrating the frequency 
characteristic of the surfac acoustic wave filter of Fig. 8. 
[0037] Fig. 12 is a graph illustrating the frequency 
characteristic of a surface acoustic wave filter made ac- 
cording to the second preferred embodiment of the 



EP 1 050 961 A2 



present invention. 

[0038] Fig. 13 is a graph illustrating the frequency 
characteristic of a surface acoustic wave filter made ac- 
cording to a first modification of the second preferred 
embodiment of the present invention. s 
[0039] Fig. 14 is a plan view illustrating a surface 
acoustic wave filter made according to the third pre- 
ferred embodiment of the present invention. 
[0040] Fig. 1 5 is a graph indicating a frequency char- 
acteristic of a first band pass filter 21 of Fig. 14. 10 
[0041] Fig. 1 6 is a block diagram indicating a commu- 
nications apparatus for use in a superheterodyne sys- 
tem. 
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[0042] In the following, a first preferred embodiment 
of the present invention will be described with reference 
to Figs. 1 to 4. Fig. 1 is a plan view showing the internal 20 
structure of a surface acoustic wave filter with the lid 
removed, thus indicating the first preferred embodiment 
of the present invention. Fig. 2 is a cross sectional view 
taken along line X-X in Fig. 1. Fig. 3 is an equivalent 
circuit of Fig. 1 . Fig. 4 is a graph indicating the frequency 25 
characteristics of Fig. 1 . 

[0043] As shown in Fig. 1 , the surface acoustic wave 
filter 1 preferably includes a package 2 and a surface 
acoustic wave element 3 enclosed within the package 
2, and bonding wires 4f or connecting the surface acous- 30 
tic wave element 3. 

[0044] The package 2 is preferably made of alumina 
or other suitable material, and is provided with a lid 
member. Within the package 2, input/output side elec- 
trode lands 5a and 5b, and reference potential side elec- 35 
trode lands 5c, 5d, 5e and 5f, are provided preferably 
by printing, sintering and plating treatments. Further, as 
shown in Fig. 2, the reference potential side electrode 
lands 5c and 5e are connected to input/output side ex- 
ternal terminals 7c and 7e by way of coiled electrodes 40 
6. Although not shown in the drawing, the input/output 
side electrode lands 5a and 5b are also connected to 
input/output side external terminals, similarly via coiled 
electrodes. Moreover, the reference potential side lands 
5d and 5f are connected to reference potential side ex- 45 
ternal terminals similarly via coiled electrodes. 
[0045] The surface acoustic wave element 3 includes 
a piezoelectric substrate 3a, IDTs (Interdigital Transduc- 
er) 8a, 8b, 8c, 8d, 8e, input/output terminals 9a, 9b, and 
reference potential terminals 9c, 9e, 9g, all of which are so 
disposed on the piezoelectric plate. 
[0046] The piezoelectric substrate 3a can be made of 
quartz, LiTaOg, LiNb0 3 or other suitable material. Alter- 
natively, it is possible to use a piezoelectric substrate 
obtained by forming ZnO film on an insulating substrate 55 
such as a sapphire plate. Nevertheless, if a 36 degree- 
rotated Y-cut X-direction propagating LiTa0 3 substrate 
is used, a broad frequency band for the pass band is 



provided since it has a relatively high electromechanical 
coupling factor as compared with other materials. 
[0047] IDTs 8a to 8e are respectively connected by 
virtue of transmitting lines, thereby forming a ladder type 
configuration as shown in Fig. 3. The IDTs 8a and 8b 
are disposed in series, while the IDTs 8c to 8e are dis- 
posed in parallel. Nevertheless, reflectors are disposed 
on both sides of the surface acoustic wave propagating 
direction of the IDTs 8a to 8e, thereby effectively confin- 
ing or trapping the energy. However, in a case where 
the energy is sufficiently trapped, such as a case where 
there are many pairs of IDTs or where the surface acous- 
tic waves are reflected at each end surface of the pie- 
zoelectric substrate, it is not necessary to include the 
reflectors. These IDTs 8a to 8e, the reflectors, transmit- 
ting lines, input/output terminals 9a and 9b, the refer- 
ence potential terminals 9c, 9e, 9g are formed prefera- 
bly by vapor depositing Al or a metal containing Al as its 
main component, and using a photolithography method. 
[0048] Further, as shown in Fig. 1, the input/output 
terminal 9a is connected to an input/output electrode 
land 5a of the package 2 via a wire 4, while the input/ 
output terminal 9b is connected to an input/output elec- 
trode land 5b of the package 2 via a wire 4. The refer- 
ence potential terminal 9c is connected to a reference 
potential side electrode land 5c of the package 2 via a 
wire 4, while the reference potential terminal 9g is con- 
nected to an input/output side electrode land 5e of the 
package 2 via a wire 4, and the reference potential ter- 
minal 9e is connected to an input/output side electrode 
land 5e of the package 2 via a wire 4. However, the ref- 
erence potential side electrode lands 5d and 5f of the 
package 2 are not connected to the surface acoustic 
wave element 3, but exist as floating electrode lands. 
[0049] The frequency characteristic of the surface 
acoustic wave filter having the above-described struc- 
ture is shown in Fig. 4. In this example, IDT 8a has an 
electrode length of about 32u,m and 80 pairs, IDT 8b has 
an electrode length of about 32ujti and 80 pairs, IDT 8c 
has an electrode length of about 88jim and 72 pairs, IDT 
8d has an electrode length of about 117pm and 116 
pairs, IDT8e has an electrode length of about 88um and 
72 pairs. Further, an inductance from the reference po- 
tential terminal 9c to the reference potential is preferably 
about 0.6 nH, an inductance from the reference potential 
terminal 9g to the reference potential is preferably about 
0.8 nH, an inductance from the reference potential ter- 
minal 9e to the reference potential is preferably about 
0.6 nH. 

[0050] The surface acoustic wave filter is adapted to 
define a receiving side RF filter for use in GSM (Global 
System for Mobiles), and its center frequency is prefer- 
ably about 947.5 MHz, as shown in Fig. 4. When used 
in GSM, since the frequency of an intermediate frequen- 
cy signal is usually about 71 MHz, a center frequency 
of an image frequency signal causing a problem in a 
communications apparatus will occur at about 1089.5 
MHz, for example. As shown in Fig. 4, it is understood 
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that the surface acoustic wave filter includes a trap in 
the vicinity of about 1 1 00 MHz, thereby obtaining an at- 
tenuating effect which at this point will be effectively as 
large as about 42 dB. Such a trap is coincident with a 
resonance frequency of a resonator having capacitanc- s 
es of IDTs 8c, 8d, 8e arranged in parallel with one an- 
other, and having inductance from the reference poten- 
tial terminals 9c, 9g, 9e to the reference potential. Fur- 
ther, if the trap is in the vicinity of the center frequency 
of the image frequency signal, since an attenuating io 
amount in this vicinity is improved, it is not necessary to 
have the trap to be coincident with the center frequency 
of the image frequency signal. However, in view of an 
attenuating amount in the vicinity of the trap, it is desired 
that the frequency of the trap be controlled within a 15 
range of about 5% of the center frequency of the image 
frequency signal. 

[0051] In recent years, people have been considering 
GSM using surface acoustic wave filters, and consider- 
ing with EGSM how the intermediate frequency signal 20 
can be made to have a high frequency. If such an inter- 
mediate frequency signal has a high frequency, the im- 
age frequency signal will also become high. 
[0052] For this reason, a surface acoustic wave filter 
1 a was manufactured as shown in Fig. 5. One difference 2s 
between the surface acoustic wave filter la and the sur- 
face acoustic wave filter 1 shown in Fig. 1 is that the 
former includes a bonding wire 4 for connecting the ref- 
erence potential terminal 9g of the surface acoustic 
wave element 3 with the reference potential side land 30 
5c of the package 2. In this way, as shown in an equiv- 
alent circuit of Fig. 6, there an inductance is caused by 
a path defined by a bonding wire 4, a coiled electrode 6 
and a reference potential side external terminal 7e, 
which inductance is added to the reference potential ter- 35 
mina!9g connected with the IDT 8d disposed on a center 
parallel arm. Another inductance added and formed in 
parallel with the inductance is caused by a path defined 
by another bonding wire 4, another coiled electrode 6 
and another reference potential side external terminal *o 
7c. For this reason, an inductance from the reference 
potential terminal 9g to the reference potential will be- 
come smaller than that of the surface acoustic wave fil- 
ter 1 show in Fig. 1 . Therefore, the resonance frequency 
of the resonator having a capacitance of the I DT 8d and *s 
having an inductance from the reference potential ter- 
minal 9g to the reference potential, will become higher 
than that of the surface acoustic wave filter 1. Further, 
even with the reference potential terminal 9c connected 
with the IDT8c similarly as in filter 1 , an inductance from so 
the reference potential 9c to the reference potential will 
also become small as compared with the surface acous- 
tic wave filter 1 shown in Fig. 1. Accordingly, the reso- 
nance frequency of the resonator having a capactiance 
of the IDT 8c and having an inductance from the refer- ss 
ence potential terminal 9c to the reference potential, will 
become high as compared with the surface acoustic 
wave filter 1. 



[0053] Fig. 7 is used to indicate a frequency charac- 
teristic of the surface acoustic wave filter 1a. In this ex- 
ample, the IDTs 8a to 8e preferably include the same 
elements as used in the surface acoustic wave filter hav- 
ing the electrode length, number of pairs and the center 
frequency specified above in relation to Fig. 4. Further, 
an inductance from the reference potential terminal 9c 
to the reference potential is about 0.3 nH, an inductance 
from the reference potential terminal 9d to the reference 
potential is about 0.4 nH, an inductance from the refer- 
ence potential terminal 9e to the reference potential is 
about 0.3 nH. 

[0054] As shown in Fig. 7, it is understood that the 
surface acoustic wave filter 1a includes a trap in the vi- 
cinity of about 1 1 70 MHz and that an attenuating amount 
at this point has been effectively increased to as high as 
about 42 dB. Therefore, it is possible to cope with a cent- 
er frequency 1 1 0 MHz of the intermediate frequency sig- 
nal. 

[0055] Next, as an example of obtaining a further 
higher frequency, a surface acoustic wave filter 1b was 
manufactured as shown in Fig. 8. One difference be- 
tween the surface acoustic wave filter 1b and the sur- 
face acoustic wave filter 1a shown in Fig. 5 is that the 
former is provided with a bonding wire 4 for connecting 
the reference potential terminal 9d of the surface acous- 
tic wave element 3 with the reference potential side land 
5d of the package 2, and there is provided another bond- 
ing wire 4 for connecting the reference potential terminal 
9f of the surface acoustic wave element 3 with the ref- 
erence potential side land 5f of the package 2. Further, 
as shown in Fig. 9, on the bottom surface of the package 
2, a die-attach section 10 is provided and arranged to 
be connected to the coiled electrodes 6. 
[0056] In this way, as shown in an equivalent circuit 
of Fig. 1 0, an inductance is caused by a path defined by 
a bonding wire 4, a coiled electrode 6 and a reference 
potential side external terminal 7d, which inductance is 
added in parallel to the reference potential terminal 9d 
connected with the IDT 8c. Further, an inductance is 
caused by a path defined by another bonding wire 4, 
anothercoiled electrode 6 and a reference potential side 
external terminal 7f, which inductance is added in par- 
allel to the reference potential terminal 9f connected with 
the IDT 8e. 

[0057] Further, since the two paths are connected 
with the die-attach section 10, the inductances which 
are in parallel with each other and are connected with 
IDTs 8c to 8e will become small. As a result, the reso- 
nance frequency of the resonator having capacitances 
of the I DTs 8c and 8e and having inductances connected 
therewith respectively, will become high. 
[0058] With the surface acoustic wave filter lb, as 
shown in Fig. 11 , a trap is defined in the vicinity of about 
1400 MHz, and an attenuating amount at this point has 
been effectively increased to as high as about 47 dB. 
Therefore, it is possible to cope with a center frequency 
220 MHz of the intermediate frequency signal. 
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[0059] Therefore, when the center frequency of an in- 
termediate frequency signal of a communications appa- 
ratus is, for example, about 220 MHz, the surface acous- 
tic wave filter 1 shown in Fig. 1 has an attenuating 
amount of about 30 dB in the vicinity of about 1 400 MHz, 
while the surface acoustic wave filter 1b shown in Fig. 
8 achieves an attenuating amount of about 47 dB in the 
vicinity of about 1400 MHz, thereby ensuring that the 
attenuating amount may be further improved by about 
17dB 

[0060] Next, a second preferred embodiment of the 
present invention will be described. 
[0061] The second preferred embodiment reduces 
the capacitances of the IDTs 8c to 8e disposed on the 
parallel arms of the surface acoustic wave filter 1 which 
has been described with reference to Fig. 1, so as to 
increase the frequency of the resonator having the ca- 
pacitances of the IDTs 8c to 8e and the inductances con- 
nected therewith. However, as a method of reducing the 
capacitances of the I DTs 8c to 8e, it is possible to reduce 
intersection width or to reduce the number of pairs. 
[0062] Fig. 12 shows some measurement results in- 
dicating the characteristics of the surface acoustic wave 
filter 1 of Fig. 1 , under a condition where the capacitanc- 
es of the IDTs 8c and 8e have been reduced by about 
20%, while the capacitance of the IDT 8d has been re- 
duced by about 40%. Since such a surface acoustic 
wave filter is arranged to define an RF filter on the re- 
ceiving side for use in GSM, its center frequency is about 
947.5 MHz, as shown in Fig. 12. In this example, a trap 
is provided in the vicinity of about 1560 MHz, and it is 
understood that an attenuating amount at this point has 
been effectively increased to as high as about 40 dB. 
Therefore, with the use of the surface acoustic wave fil- 
ter of preferred embodiments of the present invention, 
it is possible to cope with a frequency 300 MHz of an 
intermediate frequency signal, thus making it possible 
to achieve an even higher frequency for the intermediate 
frequency signal, which is higher than that of the surface 
acoustic wave filter described in the first preferred em- 
bodiment. 

[0063] Further, similar to the first preferred embodi- 
ment, it is also possible to expect an even higher fre- 
quency for the intermediate frequency signal, depend- 
ing upon the number of the bonding wires used. Fig. 13 
shows some measurement results indicating the char- 
acteristics of the surface acoustic wave filter 1b of Fig. 
8, under a condition where the capacitances of the IDTs 
8c and 8e have been reduced by about 20% while the 
capacitance of the IDT 8d has been reduced by about 
40%. In this surface acoustic wave filter, a trap is pro- 
vided in the vicinity of about 1870 MHz, and since an 
attenuating amount at this point has been effectively in- 
creased to as high as about 42 dB, it is possible to cope 
with a center frequency 460 MHz of an intermediate fre- 
quency signal. 

[0064] For this reason, if the first preferred embodi- 
ment and the second preferred embodiment are com- 



bined together, with the intermediate frequency signal 
in a range of about 71 to about 460 MHz, it is possible 
to effectively improve an attenuating amount for the im- 
age frequency signal. 
5 [0065] However, similar to the first preferred embodi- 
ment, if such a trap is provided in the vicinity of the center 
frequency of the image frequency signal, the trap im- 
proves an attenuating amount in the vicinity, thus allow- 
ing the trap not to be coincident with the center frequen- 
ts C y of the image frequency signal. Nevertheless, in view 
of an attenuating extent in the vicinity of a trap, it is de- 
sired that the frequency of a trap is within about 5% of 
the center frequency of an image frequency signal. 
[0066] Next, the third preferred embodiment of the 
is present invention will be described with reference to Fig. 
1 4. Fig. 1 4 is a plan view showing the internal structure 
of a surface acoustic wave filter with the lid removed, 
thereby illustrating a third preferred embodiment of the 
present invention. 
20 [0067] As shown in Fig. 14, in the present preferred 
embodiment, a dual-band surface acoustic wave filter 
11 preferably includes two band pass filters 21 and 31 
having different center frequencies. Thus, the filter 11 
includes a package 1 2 and a piezoelectric substrate 1 3a 
25 enclosed within the package, and bonding wires for con- 
necting the package 1 2 with the terminals on the piezo- 
electric substrate 13a. 

[0068] The package 12 is preferably made of alumina 
and has a lid which is not shown in the drawing. Further, 
30 within the package 12, input/output side electrode lands 
25a, 25b, 35a, 35b, and reference potential side elec- 
trode lands 25c, 25e, 35c to 35f, are provided and are 
preferably formed via printing, sintering and plating 
treatments. Further, similar to the package of the sur- 
35 face acoustic wave filter described in the first preferred 
embodiment, input/output side electrode lands 25a, 
25b, 35a, 35b and the reference potential side electrode 
lands 25c, 25e and 35c to 35f are respectively connect- 
ed to the external terminals via coiled electrodes. 
40 [0069] On a piezoelectric substrate 1 3a, a plurality of 
IDTs, a plurality of input/output terminals and reference 
potential terminals are provided and arranged to define 
two surface acoustic wave elements, thus providing 
band pass filters 21 and 31 , respectively. 
45 [0070] The band pass filter 21 preferably has the 
same structure as that shown in the equivalent circuit of 
Fig. 3, with its center frequency being set at about 
1 842.5 MHz. In this band pass filter 21 , as shown in Fig. 
15, the resonance frequency of a resonator having the 
50 capacitances of the IDTs disposed on a plurality of par- 
allel arms and having the inductance extending to the 
reference potential terminals connected therewith, is in 
the vicinity of about 1430 MHz. Accordingly, when the 
center frequency of the intermediate frequency signal is 
55 substantially equal to an image frequency of about 220 
MHz, it is possible to obtain an attenuating amount of 
about 40 dB or more. In this way, the capacitances of 
the I DTs and the inductances extending to the reference 
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potential terminals connected therewith may be set, 
thereby making it possible to cope with the image fre- 
quency on the low frequency band side of the pass 
band. 

[0071] The band pass filter 31 has the same structure s 
as that shown in the equivalent circuit of Fig. 10, with its 
center frequency being set at 947.5 MHz. In this band 
pass filter 31, as shown in Fig. 11, the resonance fre- 
quency of a resonator having the capacitances of the 
I DTs disposed on a plurality of parallel arms and having io 
the inductance extending until the reference potential 
terminals connected therewith, is set so as to be in the 
vicinity of 1400 MHz. Accordingly, when the center fre- 
quency of the intermediate frequency signal is at an im- 
age frequency of about 220 MHz, it is possible to obtain is 
an attenuating amount of about 47 dB or more. 
[0072] In the above-described dual-band surface 
acoustic wave filter, a frequency difference fd1 between 
the center frequency and the image frequency in the first 
surface acoustic wave filter is preferably approximately 20 
equal to a frequency difference fd2 between the center 
frequency and the image frequency in the second sur- 
face acoustic wave filter, thereby rendering the interme- 
diate frequency signals thereof to be 220 MHz. For this 
reason, it is possible to make common the circuits for 2s 
signal processing from the intermediate frequency sig- 
nals onward. 

[0073] However, in the present preferred embodi- 
ment, although the band pass filters 21 and 31 are pro- 
vided on the identical piezoelectric substrate 13a, the 30 
present invention is not so limited. It is also possible that 
the band pass filters 21 and 31 may be provided on dif- 
ferent piezoelectric substrates. If the filters are disposed 
on the identical piezoelectric substrate, it is possible to 
reduce the number of steps in a manufacturing process, 35 
reduce the manufacturing cost and product size. How- 
ever, if it is desired to make the characteristics of the 
band pass filters 21 and 31 significantly different, it is 
preferred to use different piezoelectric substrates. 
[0074] Further, the surface acoustic wave filters de- 40 
scribed in the first to third preferred embodiments of the 
present invention are those which may be used in a 
communications apparatus shown in Fig. 16. The reso- 
nance frequency of a trap resonator having the capaci- 
tances of the IDTs and inductance extending from the 45 
I DTs to the reference potential may be changed properly 
in accordance with an image frequency which is to be 
attenuated. 

[0075] While preferred embodiments of the invention 
have been disclosed, various modes of carrying out the 50 
principles disclosed herein are contemplated as being 
within the scope of the following claims. Therefore, it is 
understood that the scope of the invention is not to be 
limited except as otherwise set forth in the claims. 



Claims 

1. A surface acoustic wave filter (1) comprising: 

at least one surface acoustic wave element (3) 
including a piezoelectric substrate (3a) having 
at least one IDT (8a-e), input/output terminals 
(9a, 9b) and reference potential terminals (9c, 
9e,9g) provided thereon, the input/output termi- 
nals and the reference potential terminals being 
connected to said at least one IDT (8); 
a package (2) enclosing the at least one surface 
acoustic wave element (3), the package having 
electrode lands (5a-f) respectively connected 
to the input/output terminals (9a, 9b) and the 
reference potential terminals (9c,9e,9f) of said 
at lesat one surface acoustic wave element (3), 
further having on the outer surface thereof ex- 
ternal terminals (7c,7e) connected to the elec- 
trode lands; wherein 

said surface acoustic wave filter ( 1 ) is adapted 
and arranged to be used in a superheterodyne 
system; and 

the resonance frequency of the resonator hav- 
ing the capacitances of IDTs (8a-e) of said at 
least one surface acoustic wave element (3) 
and having inductances from the reference po- 
tential terminals (9c,9e,9g) of said at least one 
surface acoustic wave element to the external 
terminals (7c,7e) of the package (2), is posi- 
tioned in the vicinity of an image frequency oc- 
curring at the time of performing frequency con- 
version in the superheterodyne system. 

2. A surface acoustic wave filter (1 ) comprising: 

at least one surface acoustic wave element (3) 
including a piezoelectric substrate (3a) having 
input/output terminals (9a,9b), reference po- 
tential terminals (9c,9e,9g), in-series arm IDTs 
(8a,8b) between the input/output terminals, 
and in-parallel arm IDTs (8c-8e) between the 
in-series arm IDTs and the reference potential 
terminals arranged to define a ladder circuit; 
a package (2) enclosing the at least one surface 
acoustic wave element (3), the package having 
electrode lands (5a-f) respectively connected 
with the input/output terminals (9a,9b) and the 
reference potential terminals (9c,9e,9g) of the 
at lesat one surface acoustic wave element (3), 
further having external terminals (7c,7e) on the 
outer surface thereof connected to the elec- 
trode lands (5); wherein 
said surface acoustic wave filter (1 ) is adapted 
and arranged to be used in a superheterodyne 
system; and 

the resonance frequency of the resonator hav- 
ing the capacitances of the in-parallel arm IDTs 
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(8c-e) and having inductances from the refer- 
ence potential terminals (9c,9e,9g) of the at 
least one surface acoustic wave element (3) to 
the external terminals (7c,7e) of the package 
(2), is positioned in the vicinity of an image tre- s 
quency occurring at the time of performing fre- 
quency conversion in the superheterodyne sys- 
tem. 

3. The surface acoustic wave filter (1) according to 10 
claim 1 or 2, wherein inductances from the refer- 
ence potential terminals (9c,9e,9g) of the at feast 
one surface acoustic wave element (3) to the exter- 
nal terminals (7c,7e) of the package (2), include in- 
ductances of bonding wires (4) connecting the ref- is 
erence potential terminals of the surface acoustic 
wave elements with the electrode lands of the pack- 
age. 

4. The surface acoustic wave filter (1) according to 20 
claim 1 , 2 or 3, wherein inductances from the refer- 
ence potential terminals (9c,9e,9g) of the at least 
one surface acoustic wave element (3) to the exter- 
nal terminals (7c,7e) of the package (2), include in- 
ductances of strip lines provided on the piezoelec- 25 
trie substrate (3a). 

5. A surface acoustic wave filter (11) comprising: 

a plurality of surface acoustic wave elements 30 
(21,31); 

a package (12) enclosing the plurality of sur- 
face acoustic wave elements (21,31); wherein 
said filter (1 1 ) is adapted to be used in a super- 
heterodyne system in which thecenterfrequen- 35 
cy of at least one of the surface acoustic wave 
elements (21) is different from the center fre- 
quency of another (31) of the surface acoustic 
wave elements; and, characterized in that: 
a frequency difference fd1 between the center 40 
frequency of the at least one of the surface 
acoustic wave elements (21 ) and the image fre- 
quency occurring at a time of performing fre- 
quency conversion in a corresponding super- 
heterodyne system is approximately equal to a 45 
frequency difference fd2 between the center 
frequency of said anoth er of th e surface acous- 
tic wave elements (31 ) and the image frequen- 
cy occurring at a time of performing frequency 
conversion in a corresponding superhetero- so 
dyne system. 

6. The surface acoustic wave filter according to claim 
5, wherein at least one of the plurality of surface 
acoustic wave elements includes a piezoelectric ss 
substrate (1 3a) having at least one IDT, input/output 
terminals and reference potential terminals, the in- 
put/output terminals and the reference potential ter- 



minal being connected to the at least one IDT; 

the package (12) encloses the plurality of sur- 
face acoustic wave elements (21,31) and has 
electrode lands (25a-e,35a-f) connected re- 
spectively with the input/output terminals and 
the reference potential terminals of the plurality 
of surface acoustic wave elements, and in- 
cludes on the outer surface thereof externa! ter- 
minals connected to the electrode lands; 
the resonance frequency of the resonator has 
a capacitance of an IDT of any of the surface 
acoustic wave elements and has an inductance 
from a reference potential terminal of any of the 
surface acoustic wave elements to the external 
terminals of the package, and is positioned in 
the vicinity of an image frequency occurring at 
the time of performing frequency conversion in 
a superheterodyne system. 

7. The surface acoustic wave filter according to claim 
5, wherein each of the plurality of surface acoustic 
wave elements (21,31) includes a piezoelectric 
substrate having input/output terminals, reference 
potential terminals, in-series arm IDTs between the 
input/output terminals, in-parallel arm IDTs between 
the in-series arm IDTs and the potential electrode 
terminals which are arranged to define a ladder cir- 
cuit; 

the package (12) encloses the plurality of sur- 
face acoustic wave elements (21,31 ), has elec- 
trode lands (25a-e,35a-f) connected respec- 
tively with the input/output terminals and the 
reference potential terminals of the plurality of 
surface acoustic wave elements, and includes 
on the outer surface thereof external terminals 
connected to the electrode lands; 
the resonance frequency of the resonator has 
a capacitance of an in-parallel IDT of any of the 
plurality of su rface acoustic wave elements and 
has an inductance from a reference potential 
terminal of any of the plurality of surface acous- 
tic wave elements to the external terminals of 
the package, and is positioned in the vicinity of 
an image frequency occurring at the time of per- 
forming frequency conversion in a superheter- 
odyne system. 

. The surface acoustic wave filter according to claim 
5, 6 or 7, wherein inductances from the reference 
potential terminals of the plurality of surface acous- 
tic wave elements (21 ,31 ) to the external terminals 
of the package (1 2), include inductances of bonding 
wires connecting the reference potential terminals 
of the surface acoustic wave elements with the elec- 
trode lands (25,35) of the package. 
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9. The surface acoustic wave filter according to claim 
5, 6, 7 or 8, wherein inductances from the reference 
potential terminals of the surface acoustic wave el- 
ements to the external terminals of the package 
(12), include inductances of strip lines provided on s 
the piezoelectric substrate (13a). 

10. A surface acoustic wave filter (1) comprising : 

a surface acoustic wave element (3) including io 
a piezoelectric substrate (3a) having at least 
one IDT (8a-8e), input/output terminals (9a,9b) 
and reference potential terminals (9c.9e.9g), 
the input/output terminals and the reference 
potential terminals being connected to said at is 
least one IDT (8a-8e); 

a package (2) enclosing the surface acoustic 
wave element (3) and having electrode lands 
(5a-5f) connected respectively with the input/ 
output terminals and the reference potential 20 
terminals of the surface acoustic wave ele- 
ments, the package further having external ter- 
minals (7c,7e) on theouter surface thereof con- 
nected to the electrode lands (5); 
bonding wires (4) connecting the reference po- 25 
tential terminals (9c,9e,9g) of the surface 
acoustic wave elements with the electrode 
lands (5) of the package (2); wherein 
said surface acoustic wave filter (I) is adapted 
and arranged for use in a superheterodyne sys- 30 
tern; and 

the capacitance of the IDT, the number of the 
bonding wires (4) connected with the reference 
potential terminals (9c,9e,9g), the number of 
electrode lands (5) connected with the refer- 35 
ence potential terminals (9c,9e,9g) through the 
bonding wires (4), the connecting positions of 
the bonding wires (4) corresponding to the ref- 
erence potential terminals and the electrode 
lands (5) are set such that the resonance fre- 40 
quency of the resonator having the capacitanc- 
es of I DTs of the surface acoustic wave element 
(3) and having inductances from the reference 
potential terminals (9c,9e,9g) of the surface 
acoustic wave element to the external terminals 4 $ 
(7) of the package, is positioned in the vicinity 
of an image frequency occurring at the time of 
performing frequency conversion in the super- 
heterodyne system. 

50 

11. A surface acoustic wave filter (1). comprising: 

at least one surface acoustic wave element (3) 
including a piezoelectric substrate (3a) having 
input/output terminals (9a,9b). reference po- 5 $ 
tential terminals (9c.9e.9g), in-series arm I DTs 
(8a.8b) between the input/output terminals, in- 
parallel arm IDTs (8c-e) between the in-series 



arm IDTs and the reference potential terminals 
arranged to define a ladder circuit; 
a package (2) enclosing the at least one surface 
acoustic wave element (3) and having elec- 
trode lands (5) connected respectively with the 
input/output terminals and the reference poten- 
tial terminals of the surface acoustic wave ele- 
ment, the package further having on the outer 
surface thereof external terminals (7) connect- 
ed to the electrode lands; 
bonding wires (4) connecting the reference po- 
tential terminals (9c.9e.9g) of the at least one 
surface acoustic wave element with the elec- 
trode lands (5) of the package; wherein 
said surface acoustic wave filter (1 ) is adapted 
and arranged to be used in a superheterodyne 
system; and 

the capacitance of the in-parallel arm IDT (8c- 
e), the number of the bonding wires (4) con- 
nected with the reference potential terminals 
(9c.9e.9g), the number of electrode lands (5) 
connected with the reference potential termi- 
nals through the bonding wires (4), the connect- 
ing positions of the bonding wires correspond- 
ing to the reference potential terminals (9c,9e, 
9g) and the electrode lands (5) have been set 
such that the resonance frequency of the reso- 
nator having the capacitances of the in-parallel 
IDTs of the surface acoustic wave element and 
having inductances from the reference poten- 
tial terminals (9c,9e,9g) of the surface acoustic 
wave element to the external terminals (7) of 
the package, is positioned in the vicinity of an 
image frequency occurring at the time of per- 
forming frequency conversion in the superhet- 
erodyne system. 

12. A communications apparatus comprising a surface 
acoustic wave filter (1/1a/1b/11) according to any 
previous claim. 
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